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Abstract
This paper focuses on the study of a practical management problem faced by a healthcare emer-
gency department (ED) located in the north of Italy. The objective of our study was to propose
organisational changes in the selected ED, which admits approximately 7000 patients per month,
aiming at improving key performance indicators related to patient satisfaction, such as the waiting
time. Our study is based on a design thinking process that adopts a discrete event simulation (DES)
model as the main tool for proposing changes. We used the DES model to propose and evaluate the
impact of different improving scenarios. The model is based on historical data, on the observation of
the current ED situation, and information obtained from the ED staff. The results obtained by the
DES model have been compared with those related to the existing ED setting, and then validated by
the ED managers. Based on the results we obtained, one of the tested scenarios was selected by the
ED for implementation.
1 Introduction
Emergency departments (ED) are complex structures that are prepared to deal with pa-
tients with different levels of injuries and diseases, requiring a variety of treatments. In
such facilities, even patients with similar characteristics and requirements can follow dif-
ferent paths. Due to these facts, ED attracted the attention of researchers interested in
the practical and theoretical aspects related to simulation and optimisation. Concerning
practical aspects, overcrowding is a common problem faced by many ED facilities, and it
is known as a critical phenomenon (Trzeciak and Rivers, 2003) to be tackled both by the
medical and engineering communities (Hoot and Aronsky, 2008).
In the last 50 years, the overcrowding issue has been commonly addressed in the re-
search community by the use of simulation modelling tools, albeit with different objectives
and techniques (see, e.g., Paul et al. 2010; Gul and Guneri 2015; Salmon et al. 2018). The
use of simulation techniques helps in assessing a set of what-if scenarios for organisational
decisions taken at different levels (Hulshof et al., 2012). In addition, the interest in man-
aging ED considering the needs of all the involved stakeholders in the systems is growing.
This consideration leads to studies on healthcare design. In this context, many works
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focused on redesigning ED organisational processes to increase efficiency and patient sat-
isfaction and studied how to assess the impact of innovation on health services (Herzlinger
2006; Madsen et al. 2006; Prada 2008).
The focus on organisational design and the use of decision support tools (such as simu-
lation modelling) is justified by the aim of reducing the gap between theory and practice,
so as to meet the real needs of healthcare organisations (Romme 2003; Mohrman 2007).
Despite the large number of significant studies addressing overcrowding and other re-
lated problems in ED, and despite the acceptance of simulation techniques as a relevant
contribution instrument to face these problems, nowadays there are still barriers on im-
plementing the results of these studies in practice (see e.g., Fone et al. 2003; Brailsford
et al. 2009; Mohiuddin et al. 2017; Long and Meadows 2018; Long et al. 2019).
In this work, we investigate a major ED located in the north of Italy, which covers
a region with approximately one million inhabitants. The ED mentioned above admits
around 80.000 patients per year. We study the integration of a discrete event simulation
(DES) model with a design thinking process aiming at improving some ED key perfor-
mance indicators (KPI). The DES model acts as a prototyping and learning tool, to help
the understanding of the current system and to investigate possible changes to attain
performance improvements.
Preliminary results concerning our case study have been presented at international
conferences as Dosi et al. (2019) and Dosi et al. (2020). The former focused on an early
implementation of our simulation approach, while the latter discussed more theoretical
aspects related to the use of simulation in healthcare. This paper concludes our research
by presenting extensive results, as well as feedbacks obtained by the ED and the final
decisions that have been implemented to reduce overcrowding.
The remainder of this paper is organised as follows. In Section 2, we present a brief
literature review of the related works. In Section 3, we discuss the methodological aspects
developed in this work and Section 4 details the case study. Section 5 presents the results
of our experiments and an analytical analysis of them, while Section 6 shows the results
from the implementation point of view. Finally, Section 7 concludes the work.
2 Literature review
2.1 Simulation tools and implementation limits
In the last 50 years, several studies have approached the ED overcrowding topic recurring
to simulation tools. The existence in the literature of many surveys on this topic confirms
the high interest of the community on the application of simulation techniques to approach
overcrowding and improve efficiency in healthcare units (see, e.g., the surveys by Gu¨nal
and Pidd 2010; Paul et al. 2010; Aboueljinane et al. 2013; Gul and Guneri 2015; Salmon
et al. 2018).
In the survey by Paul et al. (2010), the authors reviewed works dealing with the
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problem of ED overcrowding through simulation tools, from 1970 to 2006. They identified
43 relevant articles dealing with this topic, as well as three different categories of ED
overcrowding simulation studies: (i) descriptive studies focus on defining overcrowding
and looking for causes and effects; (ii) predictive studies focus on measures to predict
when an ED would become overcrowded in order to implement a temporary solution
using extra resources (such as extra personnel); (iii) intervention oriented studies refer to
optimising available resources and processes. Our study is placed in case category (iii).
Many other studies approach this category, as, for example, the works by Wang et al.
(2009), Abo-Hamad and Arisha (2013) and Kuo et al. (2016). Wang et al. (2009) studied
an ED located in Lyon, France. The authors modelled the system using a DES model
aiming at minimising patients’ waiting times. To achieve this goal, two main solutions
were proposed and simulated: the first consists considered increasing the doctors efficiency
and speeding-up some of their activities. The second focuses on creating a dedicated
consultation room for low complexity patients. Both solutions provided improvements
in the workload of doctors and in the waiting times for consultation by the patients.
In Abo-Hamad and Arisha (2013), the authors propose a decision support framework
based on the use of simulation modelling, aiming at improving the overall efficiency of
the processes. The framework performance has been applied to an ED in a University
Hospital in Dublin. Kuo et al. (2016) considered a case study originating from an ED in
Honk Kong. They proposed a simulation-optimisation approach to identify the possible
intervention points and to evaluate the impact of applying different changing scenarios.
In the literature, several other works involving the application of simulation mod-
elling in healthcare context can be found. Notably, these may concern resource allocation
(Ahmed and Alkhamis 2009; Visintin et al. 2017), utilisation (Santiba´n˜ez et al. 2009), am-
bulance location (U¨nlu¨yurt and Tunc¸er 2016), and layout optimisation (Sepu´lveda et al.
1999), just to cite some.
Despite the large number of papers dealing with the application of simulation tech-
niques to improve ED efficiency, it is known that there are implementation issues to be
overcome in order to have the solution applied in practice. Already in the 1980s, Wilson
(1981) reveals in his study that only 16 over 200 computer-simulation projects considered
reported successful implementations. Twenty years after, Fone et al. (2003) systemati-
cally reviewed the use of healthcare simulation models and shed doubt on the value of
the implementation ‘we were unable to reach any conclusions on the value of modelling in
health care because the evidence of implementation was so scant. [. . . ] Further research
to assess model implementation is required to assess the value of modelling’. Brailsford
(2007) suggests that nobody has cracked the problem yet and that it is possibly more
a social, cultural and educational problem than a technical one. The author evidenced
that ‘Countless projects are carried out by academics and published in academic journals,
but these models are not widely taken up by other health providers’. Still in this sense,
Gu¨nal and Pidd (2010) stated that ‘Even after 25 years of this [Wilson’s] review, all these
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barriers to the successful implementation of simulation still exist to some degree in all
domains, including health care’. It is thus quite remarkable that our simulation study led
to a real implementation project supported by the ED.
2.2 Human-centred design to maximise the chance of implementation
Nowadays, the organisational design community is given more and more attention to
the design thinking process (Brown 2008; Martin 2010).Design thinking can be seen as
a tool that combines the use of innovative methods with the designer’s sensibility to
satisfy people’s needs. It is configured as a model of co-creation and involvement of
all the stakeholders in the design (Cottam and Leadbeater 2004). The idea is that the
innovation project has human needs as the central point. Designing around the people
involved in the process allows a reduction in the risk related to innovation and increases
the chance of implementing the proposed solutions in practice (McCreary, 2010).
In many cases, design concepts have been applied to health processes. As discussed,
in Bate and Robert (2006) and Bessant and Maher (2009), designing (or redesigning)
healthcare processes from the patients’ point of view has been proposed as a key concept
to obtain improvements. The main point is that innovation arises in the involvement
of patients, doctors, nurses, and process engineers in a shared process based on learning
rather than applying best practices. Bate and Robert (2007) investigated the application
of the experience-based co-design method in a cancer clinic. While in Bessant and Ma-
her (2009), the role of patients in the design process is discussed. In both papers, the
authors argued that it is essential to include patients in the co-design method to improve
the quality of the offered services. Co-design is also exploited in the study carried out
by Iedema et al. (2010). In Bevan et al. (2007), the authors discuss the use of design
thinking paradigms to put together knowledge, research and practice, so as to promote
improvements changes on facilities of the national health services in England. Starnino
et al. (2016) tackled the overcrowding problem in an ED located in Reggio Emilia, Italy.
In their design process, they proposed a live prototype putting together staff and patients
of the referenced ED, aiming at identifying the needs and the potential intervention point,
as well as proposing managerial changes. The implementation of the live prototype in-
dicated a reduction in patient’s waiting times and an increase in the overall satisfaction
level. Al Owad et al. (2018) and Sunder M et al. (2020) discussed about the lean method-
ology to redesign process in study cases in the healthcare context. The former considered
an ED in Saudi Arabia, and the latter investigated the integration of lean methodology
with design thinking in a mobile hospital in India.
2.3 Chance of integrating the two approaches
The literature has presented simulation studies as robust tools to understand, model and
decide upon possible statistically relevant interventions. However, the weakness of this
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approach is in the implementation phase, where stakeholders’ reactions and organisational
constraints limit the application of the results (see, e.g., Mohiuddin et al. 2017; Long
and Meadows 2018) .On the other side, the human-centred design community relies on
approaches such as human-centred design, participatory design and design thinking to
understand needs of stakeholders and decide with them what valuable intervention can
be designed and implemented. While this approach has a strong potential, it lacks a
strong data-driven decision-making process.
Even though simulation studies and human-centred design present complementary
strengths and potentially seem to suggest possible solutions to reciprocal weaknesses,
to the author’s knowledge, no case studies trying to structurally integrate those two ap-
proaches exists. Among the works surveyed by Paul et al. (2010), regarding the use of
simulation tools to face overcrowding problems in ED, none of them used simulation as a
prototyping and learning tool during the design process. This fact helps in understanding
the low rate of simulation results implementation in healthcare and is a strong motivation
that supports our research.
Our study develops a methodology that tries to integrate those two approaches and
tests it on a case study, considering implementation as a success index of the proposed
methodology.
3 Methodology: simulation integrated into a design thinking
process
In the design thinking process, designers are asked to answer the needs expressed by all the
actors involved in the change, and that is why this approach is defined as a human-centred
design (see, e.g., Brown and Katz (2011)).
In general, design thinking projects are composed of a 4-phase iterative exploration
cycle that is repeated during the project execution. These phases are: (i) comprehension,
(ii) abstraction, (iii) ideation, and (iv) solution. In phase one, the team is committed on
understanding the context, the design challenge and organisation under study. The use
of qualitative research tools (e.g., semi-structured interviews and participatory observa-
tion) and quantitative research tools (e.g., questionnaires and data analysis) are strongly
encouraged. An in-depth analysis of the literature is also recommended aiming at acquir-
ing relevant knowledge for the context and general solution ideas (Romme, 2003). The
second phase is where the team builds an abstract model containing what has been un-
derstood about the environment under discussion and where the needs of the stakeholders
are identified. The main process modelling tools, such as Business Process Model and
Notation, system dynamics, agent-based, and discrete event modelling, as well as design
tools, such as context map or need map, are used in this step (Vignoli et al., 2011). The
ideation phase is devoted to the generation of the greatest number of possible solutions.
The proposition of solutions can be boosted through brainstorming, body-storming and
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other creative methods. It is also in this phase that concept solutions are selected and
built in a prototype. In the last step in the cycle, the solution phase, the team returns to
the field, to verify the emotional, cognitive and functional response of the organisation to
the prototypes made, and then restart the cycle. Each phase is connected with the pre-
vious and the following phases. The iteration between the phases is highly recommended
as it is expected that the team members first assume a divergent exploratory attitude,
generating a wide range of concepts, and later converge into a smaller set of solutions.
However, the phases do not need to be carried out in the presented order.
In our work, the four design thinking phases have been tested in a major Italian ED
to reduce patients’ waiting times and improve employees’ satisfaction. A DES model has
been developed to support the design thinking process. In the abstraction phase, the
DES model has been used as a tool to reproduce the current ED setting and to evaluate
what has been collected and analysed in the comprehension phase. Also, the DES model
had considerable importance in the design thinking ideation phase, where solutions were
proposed, tested, and chosen.
4 Case study
In this study, we investigate an ED located in the north of Italy that covers a region
with more than one million inhabitants and admits more than 80.000 patients per year.
Given the general dissatisfaction of ED employees (doctors, nurses, and aid nurses) and
conflicts among professionals, the hospital top management and the head physician asked
us for support. The project lasted 18 months. The ED design aimed to improve the
actual processes, to find possible ways to improve the ED system in general and ED
professionals working habits in particular so that professionals could be supported in
their everyday routines. The top management asked for the design of a solution that had
to be implementable. It is important to note that the ED under study was renowned
as a conservative and hard-to-manage organisation. In the last 15 years, most of the
interventions proposed by different actors failed to be implemented. We approached the
context with a design thinking process, sided with simulation studies, and tested it on
a real case study. We created an ad-hoc group with professionals of the ED department
that were involved in the design process and the decision making. The group met once
every ten days, and the hospital top management was involved once every three months.
Considering this context, in the design thinking comprehension phase, we collected
key information by using different methods. Initially, the ED staff provided a database
containing historical data. In addition to that, essential information such as patient flows
through the ED and patient and ED staff needs were collected by interviews and direct
observation. The ED description and the data collection and analyses performed are
detailed in Sections 4.1 and 4.2. In the abstraction phase, a DES model has been devel-
oped. The model considers the data and information collected during the comprehension
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phase to replicate the ED current setting. Initially, the DES model has been set-up with
the aim of better understanding the system under study and identifying the problems to
be tackled. Firstly, the current system setting has been modelled, the model validated,
and the problems identified. In a second moment, already in the ideation and solution
phases, the model has been used as a prototyping tool for proposing and evaluating what-
if improvement scenarios. The main steps concerning the abstraction phase are presented
in Section 4.3, while those concerning the ideation and solution phases are discussed in
Sections 4.4 and 5.
4.1 ED description: Patient flow
Before presenting the proposed DES model, it is important to describe the ED structure
under study. Since the ED layout is closely related to the patient flows throughout the
ED, in the following, we detail the main paths that a patient can follow inside the system.
The flow of patients in the ED has been identified by analysing historical data provided
by the ED managers and by in loco observation. The identified ED flow of patients is
depicted in Figure 1. Initially, the patients arrive at the ED following two possible paths.
The first one, referred to as “walking”, concerns mainly the non-urgent patients, while the
“non-walking” one is mostly used by urgent patients arriving at the ED by ambulance.
Both paths are followed by the triage process, which is responsible for identifying the
patients’ needs and for assigning them to an urgency category. The ED under study
considers four urgency levels classified, from the least to the most urgent, as (i) white,
(ii) green, (iii) yellow, and (iv) red. In practice, patients classified with the red code are
immediately directed to the high urgency general treatment room. The patients with
other urgency codes are directed to the waiting room where they wait for being treated.
Patients who need a dermatological or an orthopaedic treatment are served exclusively
at the emergency dermatological and orthopaedic rooms, respectively. Patients requiring
a general visit can be served at the low or high urgency general rooms. Those with red
or yellow urgency code are treated exclusively at a high urgency room. Those with white
and green codes are likely to be handled by the low urgency room, but they can be treated
on a high urgency room if one is idle.
Once the first visit is done, the physicians can require further examinations, including,
for example, laboratory analysis and x-ray exams. If laboratory analysis is requested to
be performed, then it should be done before all other further required exams, because the
laboratory results are needed for those additional exams. Thus, there exists a precedence
relation between the laboratory and the other additional exams. The laboratory exams
are performed in a dedicated area located in a building close to the ED main building.
Due to this fact, the test tubes are transported from the main building to the laboratory
building. This transportation is performed every half hour. Thus, the waiting time for
transportation and the transportation time itself impacts directly on the total laboratory
examination time. The actual laboratory capacity is so high that it can be considered
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Patient arrival
Triage
Dermatological Orthopedic General low urgency 
General 
high urgency 
Last visit
lab?
Lab. exams
yes
no
Add. exams?
Exam A
yes
no
Dismiss
First visit
Exam C Exam D
Exam B
Exams
Walking Non-walking
Figure 1: ED flowchart
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unlimited in practice. Among the additional exams, it is important to highlight the x-
ray area as it has a high demand, differently from the other ones that have a very large
capacity compared to their demand. When all additional examinations are done, the
patient goes back to the waiting room. At this time, he/she is eligible to attend the last
visit, which is performed by the same doctor who performed the first visit. Finally, after
this last visit, the patient is dismissed and leaves the ED.
4.2 Data analysis
Alongside with the patient flows, some additional data were required as input data to set-
up our simulation model: patient arrival rates, patient urgency distributions, resources
availability, schedules, service times distribution, and queue rules, among others. To
retrieve this information, we applied two different techniques: (i) data collection and
analysis, and (ii) quantitative time and motion observation. The former allows obtaining
the required inputs by analysing historical data, i.e., studying what happened in the past.
The latter is usually adopted when historical data is scarce or does not permit obtaining
the main inputs needed. In our case, a consistent database containing nine months of
quantitative data is available, but some information related to the service times could not
be straightly obtained.
Information about personnel work shifts and resource availability was provided by the
ED staff, while the ones concerning queue rules/priorities currently adopted by the organ-
isation have been retrieved during the observation step and by interviewing experts. The
ED has six working teams available per day to serve the incoming patients in the current
setting. These teams are mainly dedicated to the general first and last visits because the
dermatological, orthopaedic and additional examination areas have their dedicated teams.
The teams are composed mainly by doctors and nurses and are divided into two groups,
one for the low and the other for the high-intensity areas. Each day, four teams work on
the shift from 8:00 to 20:00 (two at the low and other two at the high urgency area), and
other two teams work from 20:00 to 8:00 dedicated to both urgency areas, as depicted in
Figure 2.
time
L
ow
u
rg
en
cy
H
ig
h
u
rg
en
cy
8:00 20:00 8:00
Team A
Team B
Team C
Team D
Team E
Team F
Figure 2: Teams shift
Furthermore, consistent quantitative information regarding the distributions of pa-
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tients’ arrival rates, urgency and exam requirements have been directly extracted from
the database, as well as the service times of additional exams (such as laboratory and
x-ray). Information about some service times (such as for the general visits) that could
not be directly obtained from the database was obtained by in loco observation and by
interviewing EDs staff.
Figures 3 and 4 illustrate the profiles of the urgency code and the patients’ arrival
distributions per hour of the day, respectively. From these figures, it is possible to observe
that the majority of patients entering the ED are from the green category and that most
of them arrive at the ED between 8:00 and 12:00.
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Figure 4: Arrival distribution per urgency code and time of day
Concerning the first visits, they can be general (79%), orthopaedic (16%), or derma-
tological (5%). Regarding the additional exams required by ED patients in the past, it
has been observed that for approximately 85% of them, less than four extra examina-
tions were required, as detailed in Figure 5.Besides, it has been identified that among
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all patients admitted to the ED, 57% have been visited at the radiology area, and 54%
required laboratory exams. Altogether, these exams represented about 70% of all exams
performed.
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Figure 5: Extra examinations required apart from the first visit
As the laboratory examinations are performed in a building annexe to the main ED
building, we investigated the total laboratory examination time more deeply. From our
analysis, we observed that this time is mainly composed by (i) waiting time, (ii) effective
examination time and (iii) miscellaneous times. Figure 6 shows how these different times
impact on the total time and how they vary during the day. From Figure 6, it can be
noted that the laboratory total time tends to be higher when the peak of patients arrivals
is reached. From this figure, the presence of two peaks, at 7:00 and 19:00, can also be
noted, demonstrating that the shift change impacts on the laboratory waiting times.
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Total
Waiting
Exam
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Figure 6: Laboratory service time composition
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4.3 Model set-up and validation
To better understand the ED, during the design thinking abstraction phase, we used the
input data that we collected and analysed to build a DES model able to replicate the
current ED setting. The developed model is structured taking into account the patient
flow process depicted in Figure 1 and all data collected and analysed in Section 4.2.
In the model, the patient arrivals are modelled using the inter-arrival data extracted
from the database, and their triage category follows the data presented in Figure 4.
The patient first visit type is also identified during the triage process and respects the
proportion observed from the database. Then, patients are moved to the waiting room
and are served following the first-in-first-out rule by category, i.e., red category patients
have maximum priority, yellow category patients have priority over green and white ones,
and so on. After the first visit, the patients can require laboratory examination with
54% of probability, and, only after receiving their results, in case laboratory exams were
required, they can follow their paths through the ED. Following the data shown in Figure
5, the patients can require extra examinations before being addressed to the last visit and
then leave the system.
Once all crucial data have been considered and integrated into the developed DES
model, the model needs to be validated. The validation phase is crucial when developing
a simulation model and before using it. This importance is confirmed by several works
in the literature dealing specifically with validation of simulation models (e.g., Martis
2006; Sargent 2011, just to cite some). This process is even more crucial when historical
data is scarce, and assumptions made during the process need to be verified. The model
validation phase has the goal of understanding how accurate the model is on simulating
a real system.
Our model validation phase is based on the consistent data retrieved from the ED
database and is aligned with the one used by Aringhieri (2010). The output values from
the simulation model were confronted with historical data. To do so, we identified the
KPI of interest, namely the length of stay (LoS) and the waiting time (WT) for the first
visit, that are correlated with the needs identified at the comprehension phase. These
KPI are commonly used in simulation studies from the literature (see, e.g., Marshall et al.
2005; Santiba´n˜ez et al. 2009).Our reference values for the LoS and WT have been obtained
directly from the database and represent the average values for the available nine months
of data. Figures 7 and 8 show the waiting times profile.
In addition, we also considered outliers as a KPI. By outliers, we mean the percentage
of patients who wait more than a given threshold time. This threshold value depends on
the patients’ urgency code and the ED internal, regional and national regulations. The
reference threshold values have been obtained directly from the guidelines document by
the Italian Ministry of Health (Ministero della Salute 2001).
The model has been validated by comparing the KPI from the historical data with
those obtained by the simulation of the current setting. On the one hand, the historical
12
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Figure 8: Average waiting times per urgency code and time of the day
results represent the average values for nine months of operations. On the other hand,
the simulation results were obtained by running the simulation model ten times, where
each run simulates one month of ED work. The obtained average results are presented in
Table 1. Column In indicates the average number of patients arriving per day and columns
WT1st and LoS show the average waiting time for the first visit and the average length of
stay (in minutes), respectively. Finally, columns Outliers (%) present the percentage of
patients, by priority, which exceeded the threshold time for waiting for the first visit.
Table 1: Model validation results
Scenario In WT1st LoS
Outliers (%)
green white
Past 237.03 83.27 206.43 9.62 14.67
Simulation 238.23 70.52 208.60 3.88 25.47
As can be seen in Table 1, the obtained values for WT1st and outliers are not as accurate
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as the one obtained for the LoS. This fact is mainly due to the lack of quantitative data
concerning service times and to the lack of an established queue rule in the ED. The
values obtained for the LoS are, instead, very accurate. Based on this, the model has
been approved by ED managers and staff involved in the study.
4.4 Scenarios proposition
This section presents a set of scenarios that have been proposed to improve the ED
performance. We developed seven main what-if scenarios, inspired by the literature and
based on the needs, the weaknesses, and the possible intervention points identified. The
major problems identified are the following ones: (1) the work shifts may not be fitted to
the arrival pattern of the patients; (2) many patients wait a long time for the last visit
before being dismissed; (3) the fixed priority rules for the visit may cause long waiting
times for the less urgent patients; (4) for most of the patients, laboratory exams are
required, but only at the end of the first visit; (5) many white urgency patients do not
need any emergency service; (6) the work teams seem to be overcharged; (7) the blood
sample transportation required for the laboratory exams is very inefficient and usually
requires a significant amount of time.
To tackle these weaknesses, some possible goals have been established, namely: (1)
adjust the team shifts to the demand; (2) increase the priority for the last visit over
the first one; (3) dynamically change the patients queue priority, based on their WT;
(4) identify and require laboratory exams at the triage process; (5) reduce the number
of non-eligible patients that arrive at the ED; (6) test the possibility of using additional
work teams; (7) improve the transportation system for the blood samples.
To attain the goals mentioned above, the following practical actions could be associated
with them: (i) offset the starting and ending times for the team shifts; (ii) implementation
of an alert system to support the dynamic priority rule; (iii) improving triage process by
immediately dismissing non-eligible white urgency code patients and by requiring lab-
oratory exams to a specific group of patients during this process; (iv) admit and train
personnel for an additional work team dedicated to the last visit; and (v) implementing
a more efficient transportation system.
Based on the discussion above, we defined the following parameters to characterise our
proposed scenarios:
1. t: team shifts start (and finish) t hours later than in the current setting;
2. p: if p = 1 then the last visit has priority over the first one, otherwise, if p = 0 the
priority is as is in the current setting;
3. τg and τw: patients with green or white urgency codes can go to the head of the queue
for the first visit if their current waiting time exceeds τg and τw minutes, respectively;
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4. e: e% of white priority code patients are not admitted to the ED, assuming that
they could be directed to more appropriate facilities;
5. l: l% of the laboratory exams could be required during the triage process;
6. a: a additional work teams are considered;
7. r: the lead time for laboratory exams are reduced by r minutes by avoiding long
transportation times.
Table 2: Parameters
Parameter Chosen values
t 1, 2
p 1
τg 60, 90, 120, 210
τw 120, 180, 210
e 5, 10, 15, 20
l 10, 15, 20, 50, 60, 75, 100
a 1
r 10, 15, 20, 25, 30
Table 2 shows the chosen parameter values. By combining them, we establish our
notion of scenario. Hence, let us define S = (t, p, τg, τw, e, l, a, r) as a generic sce-
nario formed by a combination of these parameters. For example, a scenario S =
(−,−, 120,−, 5,−,−, 10) means that: the queue priority for green coded patients changes
if their waiting time exceeds 120 minutes; 5% of white urgency code patients are dis-
missed during the triage process, and the lead time for laboratory exams is 10 minutes
shorter. The “−” sign states that the current configuration is not changed. Based on
this observation, Table 3 presents the proposed scenarios that we evaluated. Scenarios A
considers a change in the personnel work shift while scenario B gives priority to the last
visits over the first ones. Scenarios C are those proposing a new dynamic priority rule
for the queue to the first visit. Scenarios D and E simulate an improvement in the triage
process. The former implies requiring a percentage of laboratory exams during the triage
process, while the latter seeks to reduce the number of non-eligible patients in the ED.
In scenario F the addition of a new work team for the last visit is tested, and scenarios
G simulate the reduction in the laboratory lead time. Finally, the last scenarios, labelled
Cb, are formed by combining multiple types of scenarios from A to G.
5 Scenario analytical evaluation
In this section, we present and evaluate our proposition by simulating the scenarios pre-
sented in Section 4.4. The DES model was implemented using the software AnyLogic
8.1.0. The experiments were executed on a PC equipped with an Intel Core i7-7500U
2.70GHz processor and 12GB of RAM.
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Table 3: Proposed scenarios
Id
Parameters
Id
Parameters
t p τg τw e l a r t p τg τw e l a r
A.1 ( 1 –, –, –, –, –, –, – ) F.1 ( –, –, –, –, –, –, 1 – )
A.2 ( 2 –, –, –, –, –, –, – ) G.1 ( –, –, –, –, –, –, –, 10 )
B.1 ( –, 1 –, –, –, –, –, – ) G.2 ( –, –, –, –, –, –, –, 15 )
C.1 ( –, –, 90, 180, –, –, –, – ) G.3 ( –, –, –, –, –, –, –, 20 )
C.2 ( –, –, 210, 210, –, –, –, – ) G.4 ( –, –, –, –, –, –, –, 25 )
C.3 ( –, –, 60, 120, –, –, –, – ) G.5 ( –, –, –, –, –, –, –, 30 )
C.4 ( –, –, 90, –, –, –, –, – ) Cb.1 ( –, –, 120, –, 10, 50, –, – )
C.5 ( –, –, 60, 180, –, –, –, – ) Cb.2 ( –, –, 120, –, 10, 20, –, – )
C.6 ( –, –, 60, 210, –, –, –, – ) Cb.3 ( –, –, 120, –, 10, 50, –, 30 )
C.7 ( –, –, 120, –, –, –, –, – ) Cb.4 ( –, –, 120, –, –, 50, –, – )
D.1 ( –, –, –, –, –, 50, –, – ) Cb.5 ( –, –, 90, –, 10, 50, –, – )
D.2 ( –, –, –, –, –, 60, –, – ) Cb.6 ( –, –, –, –, –, 10, –, 15 )
D.3 ( –, –, –, –, –, 75, –, – ) Cb.7 ( –, –, –, –, –, 20, –, 15 )
D.4 ( –, –, –, –, –, 100, –, – ) Cb.8 ( –, –, –, –, –, 10, –, 20 )
D.5 ( –, –, –, –, –, 10, –, – ) Cb.9 ( –, –, –, –, –, 15, –, 20 )
D.6 ( –, –, –, –, –, 15, –, – ) Cb.10 ( –, –, –, –, –, 20, –, 20 )
D.7 ( –, –, –, –, –, 20, –, – ) Cb.11 ( –, –, –, –, –, 10, –, 30 )
E.1 ( –, –, –, –, 5, –, –, – ) Cb.12 ( –, –, –, –, –, 15, –, 30 )
E.2 ( –, –, –, –, 10, –, –, – ) Cb.13 ( –, –, 120, –, 15, –, –, – )
E.3 ( –, –, –, –, 15, –, –, – ) Cb.14 ( –, –, –, –, –, 50, –, 30 )
E.4 ( –, –, –, –, 20, –, –, – ) Cb.15 ( –, –, 120, –, 15, 50, –, 30 )
Each proposed scenario was simulated ten times, where each run simulated 30 days
of working activity in the ED. We compare the average results of these runs with those
obtained by the ten times 30 days simulations of the current ED setting in 1. As com-
parison reference values, we used the same KPI previously described in Section 4.3 (the
LoS, the WT1st, and number of outliers) to evaluate the scenarios proposed in Table 3.
In addition, for the simulated results, we also show the average results for the WT for the
last visit, referred to as WTlast.
Table 4 summarises the results we obtained. The values in boldface indicate a sig-
nificant KPI change by the referenced simulated scenario when compared to the current
simulated setting. The results obtained for scenarios A indicate that offsetting the team
shifts would contribute to reduce the average LoS of the patients, mainly due to a re-
duction in the waiting time for the last visit. For the tested scenario B (where the last
visits have priority over the first ones), it can be noted that the average LoS is also re-
duced mainly due to the small waiting times for the last visit. However, the other KPI
considered are worsened, especially the waiting time for the first visit and the percentage
of outliers. The obtained results show that the scenarios of type C have a direct impact
on the outliers indicator. This is expected because the queue priorities for patients with
a long WT change when this value approximates the thresholds values. The scenarios
of type D consider that a percentage of laboratory exams are required during the triage
process. As this service is performed without requiring the presence of the patients, a
saving time for waiting for the results is attained, as presented in Table 4, thus impacting
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positively in the LoS indicator. Concerning the results for scenarios of type E, the actions
related to them act directly in the number of patients arriving at the ED, thus obtaining
improving values for most of the considered KPI. For scenario o F , an additional work
team is considered and, similarly to the results for scenarios E, this allows improvements
for all considered KPI. It can be observed that for scenarios G a consistent reduction in
the LoS is achieved, as expected, because in these scenarios the laboratory results would
be ready earlier than in the current setting. In general, scenarios D and G act directly
on the system bottleneck, i.e., the laboratory exams, and are thus very effective. It can
be observed that, in both cases, the average LoS is reduced, which is a relevant result.
Finally, with regard to the results for the combined scenarios, it can be noticed that all
of them were able to improve the average LoS. This behaviour is mainly due to the fact
that these scenarios combine the best characteristics from scenarios of type C, D, E, and
G. In particular, scenarios Cb.3 and Cb.15 present a reduction in the LoS of about 16%
and 19%, respectively.
6 Scenario implementation evaluation and final decision
As previously mentioned, every three months, for the whole duration of the project, there
has been a three hours meeting where the working team discussed the proposed scenarios
with the top management. The structure of the meeting was designed in order to support
factual discussion. The opening was a detailed presentation of the scenarios with an
in-depth explanation of the simulation, the data collecting process, and the validation
with the tests performed. This first part was followed by an in-depth Q&A where head
physicians and hospital top management were clarifying any doubts. The last part of the
meeting was an open discussion with the ED team members. As a result of these meetings,
we report that the choices suggested in Section 5 did not reflect the final choices made by
the group appointed to decide (doctors, nurses, engineers, and designers).
Indeed, scenarios A and F have not been accepted by the group despite the positive
results of the simulation. Scenario A presented practical difficulties in changing the team
shifts, and hiring a new team was not a viable option from the top management. Scenario
B imposed a fixed rule of re-evaluation of patients to all doctors that at the moment
can freely decide when to re-evaluate patients. This scenario has been evaluated as a
promising alternative to speed-up the dismissing process. However, the team evaluated
the difficulties of imposing a formal rule to give priority to the re-evaluation visit over the
first visit and the possibility to spark internal conflicts defining a reference time. For these
reasons, the team decided to reject this scenario. Scenario C has been well accepted by
the ED staff, as it represents an alternative for managing the waiting room by applying
effective and straightforward rules. Scenarios D and E have been accepted as a promising
option to reduce overcrowding. Nevertheless, implementing Scenarios C, D, and E would
require an in-depth training process and, for scenario D, a supplemental investigation
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Table 4: Results obtained for the tested scenarios
Scenario In WT1st WTlast LoS
Outliers (%)
green white
Curr. setting
238.23 70.52 54.94 208.60 3.89 25.48
simulation
A.1 236.93 68.67 45.34 198.42 3.48 23.79
A.2 237.35 71.61 38.58 195.37 3.30 26.71
B.1 235.64 99.91 5.93 196.31 12.04 37.95
C.1 237.41 66.98 53.73 204.02 3.26 23.29
C.2 237.41 69.38 51.15 204.07 4.31 8.75
C.3 236.56 69.10 55.11 206.74 3.73 23.91
C.4 237.43 72.54 43.40 199.67 0.00 29.32
C.5 237.74 69.19 55.63 207.54 1.61 23.88
C.6 237.30 69.28 55.33 207.00 1.23 23.70
C.7 237.34 69.64 53.76 205.97 0.24 23.98
D.1 236.45 69.34 52.61 194.42 4.14 23.60
D.2 237.65 69.06 52.78 191.92 3.80 24.31
D.3 236.71 68.35 51.28 186.85 3.81 23.89
D.4 237.55 70.93 53.84 185.97 3.91 25.70
D.5 236.93 71.01 56.32 207.67 4.58 26.42
D.6 237.35 69.79 54.12 202.90 4.37 25.63
D.7 237.91 68.05 51.76 198.47 3.34 23.25
E.1 235.74 67.67 53.93 203.98 3.52 24.27
E.2 237.58 62.91 47.23 195.00 2.81 20.45
E.3 231.47 59.93 45.19 190.78 2.77 20.75
E.4 228.00 53.88 40.25 182.05 1.97 16.73
F.1 236.36 39.91 24.36 154.97 0.37 7.17
G.1 237.19 69.31 54.43 202.25 3.77 23.76
G.2 236.73 68.39 53.74 199.30 3.56 24.37
G.3 236.44 68.26 53.34 197.83 3.63 23.22
G.4 236.65 69.08 53.09 196.80 3.24 24.47
G.5 237.65 69.37 54.03 195.42 4.12 24.62
Cb.1 234.79 65.38 51.49 191.07 0.04 22.27
Cb.2 232.98 63.22 47.81 192.54 0.13 22.10
Cb.3 233.35 61.38 45.72 174.29 0.08 20.10
Cb.4 237.96 72.13 53.14 197.02 0.14 26.26
Cb.5 237.28 75.92 45.11 194.79 0.02 32.06
Cb.6 235.70 67.66 53.50 196.74 3.82 23.02
Cb.7 237.08 68.93 53.61 195.86 3.64 24.97
Cb.8 236.35 69.50 52.04 195.50 4.49 24.28
Cb.9 237.68 69.94 52.41 195.33 4.02 24.99
Cb.10 236.62 69.20 52.68 194.46 4.23 23.79
Cb.11 236.45 69.78 51.58 192.45 3.95 24.23
Cb.12 238.40 69.15 53.92 192.68 3.73 24.38
Cb.13 230.39 56.55 44.46 187.19 0.08 18.18
Cb.14 236.83 67.97 53.17 185.73 3.65 24.24
Cb.15 230.62 57.56 41.69 168.37 0.12 18.84
to identify which exams would be required based on patients symptoms. That is why
the team decided to postpone the implementation of scenarios C, D, and E to a later
date, to understand whether other implementation options would require less training
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and impact on the organisation. Finally, scenario G deals with a faster sub-process of
laboratory exams. In this scenario, the main concern is the speeding up of the subprocess
from the moment in which the doctor requests a laboratory exam to the moment the
laboratory receives the test tube. That scenario has been well accepted by ED managers
and considered as the‘easiest’to be implemented.
After the top management approval, the team designed and planned practical actions
for scenario G implementation. Three organisational prototypes were hypothesised and
simulated: (i) more frequent deliveries of test tubes to the central laboratory by the actual
transport supplier; (ii) internal aid nurses dedicated to the transport of test tubes; (iii)
pneumatic post design. Those three prototypes responded to different G scenarios, as
more frequent deliveries could speed up the process (i) from 90 to 30 minutes, internal
aid nurses involved could push that scenario to (ii) 25 minutes and the pneumatic post to
(iii) 10 minutes. The innovation office made a first assessment of the investments required
by the three prototypes, and with surprise, the pneumatic post had the highest ratio of
cost savings/investments. The top management decided to extend the pneumatic post to
the whole building where the ED is located, and they approved the rules to access the
pneumatic post (hours of the day and urgency of exams). The top management allocated
the budget for the investment in a pneumatic post system across the hospital, connecting
the ED building and the exam lab building. Thus, the pneumatic post requirement was
designed by the innovation and technical office of the hospital. A public announcement
to build the pneumatic post system in the hospital was launched only a few months
later. With precise data coming from the simulation, the top management and all the
stakeholders had a clear picture of the increase of service quality for patients and staff,
and the savings connected. This clarity helped to exert the right amount of pressure on
the whole organisation so that the project could move fast, and the pneumatic post is
now working at the hospital
The project thus answered to the top management kick off constraints, that required
an implemented and working choice in less than two years from the kick-off of the project.
7 Concluding remarks
The case study shows that organisational decisions driven by a pure simulation approach
differ from the organisational decisions driven by a mixed approach simulation and design-
driven. In the case study, we used a simulation modelling tool integrated into a design
process with the primary goal of implementing a working solution in one year and a half
from the beginning of the project. Improvements were measured by the reduction of
patients waiting time and length of stay. The benefits of using simulation tools to model
different solutions utilising what-if scenarios are recognised in literature, as well as the
fact that it is essential to involve different stakeholders in their definition, analysis, and
evaluation (Tako and Kotiadis 2015). However, the embedding of the simulation tool
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into a design process leads to a different approach that couples a prototyping and testing
approach to the simulation approach. In our research, we exploited the main strengths
of these techniques by integrating the use of rigorous and extensive simulation modelling
into a design thinking process. Indeed, this case study shows that not only the process
but also the final decisions were different.
As future research direction, we plan to follow the implementation of the pneumatic
post plan, to check if simulation results we obtained are consistent with the real imple-
mentation and extend the use of integrated simulation and design thinking approach to
other real-world case studies. We also plan to tackle the problem of scheduling patients
to doctors from an optimisation point of view. In this sense, the consideration of dy-
namic and stochastic versions of the problem, applied to real ED cases, seems to be an
interesting and relevant future research direction to be followed.
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